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(54) {wm-^m Ts,wmi&^^xy^<Dmk-nm 



(57) 

S) ;6S440MPaiil±cOi^3iST-*^oii5»Ji4T-fot). i^rfit 

im^^m ^^mnm^^mmmt. wm%x-. c : o 

.010~0.050%. Si :0.01~1.0%. Mn:1.0~3.0%. P 

: 0. 005~0. 1%, S : 0. 01%WT, Al : 0. 005-0. 1%> 
N : 0.01%y.T*3j;t/Nb : 0.03~0.3%^^WL, ^^o 

(Nb/93)/(C/12) =0. 2-0. Icom^^^^mtz L> $ 6>lc 
, Mn, Si*3j:TJNbw-&*fl;*SEIf^wP^,i<;*}^fcL, ^ 

«r^-r5i i: "btc, ffifl|^-C50%JJl±ro>'3i M=Bt 



I 

C : 0.010-0.050% 
Si : 1.0%^T 
Mn : 1.0-3.0% 
P : 0.005-0. 1% 
S : 0.01%I^IT 
A I : 0.005-0.5% 
N : 0.01%J£AT*5<tO^ 
Nb : 0. 03-0. 3% 

(Nb/93)/(C/12j=0. 2-0.7 

*%) X^-h^) ^r^/cL. Mn. Si:fccJ:tJ^Nb(D^ 

*ft;65. TiE(l). (2)*5J;t/(3)^^Y^fcb. ^^iFPfl^ 

JSEj^ii:^:^r^t^-¥:/^^;5S225GPaJeA±. r 3 

IE 

Mn^fi: (%) =Mn-fO. ISi 

• (1) 

1.5^Mn^S (%) ^3.0 

• (2) 

-20Nb+3. I^Mn^S (%) <-20Nb+4.5 • • 

• • (3) 

(222)®. (200)®. (m)m:iisxv^wo)m<D^xm^m 

V {2 22) / { P (200) + P ( 11 0) + P (3 1 0) } ^1.5 (^"f" 

C0P(222 ). P(2oo). P(no)4oJ:t>'P(3io) #^ipi 

m/mm{iLm\z^\ii^mm\^wnfs: (222) (200) ® 

JilSa/^lC^DxT. ^ ibtcMo : 0.02KS%1^±. Cr : 
0.05«^%1^±. Cu : 0.05gfl:%JeJl±:fc^<tU^Ni :0.05a 
fl:% Jl^ ± <7) * iMtR ^ ;fx 5 1 ^ * 2 ± 
T0.5HM%i^T^^-r^<t ^^(c. tfjfS(1)^{cft;ir 
. TIE(4)^^r^/c:'r^^^#mii-^li3jtiIl 

IE 

Mn^fl: (%) =Mn+0,1Si+3.5Mo + 1.3Cr+Cu + 
Nl • • • • (4) 



(2) 2 0 0 5 - 1 2 0 4 7 2 

2 

(St'f'cOMn. Si. Mo. Cr. Zwi^^XMWt^^ (Oitm(n^ 
^1: (Mffl%) r-fc^) 
[lf*Jl4] 

(Ti/48) / { (S/32) + (N/14) } ^2.0 
1. 2i/cJi3{CfStc<^^5Ma®9feo 

Ilft^^il 6 ] 
Stfl:%-C. 
C : 0.010—0.050% 
Si : 1.0%J1>IT 
Mn: 1.0-3.0% 
P : 0.005—0. 1% 
S : 0.01%jl^T 
20 Al : 0.005-0.5% 

N : 0.01%j^T:J3j:U^ 
Nb : 0. 03-0. 3% 

^^WL. ;0^o. Nb^WiirC^Wft/^N 
(Nb/93)/ (C/12) =0. 2-0. 7 

i7)r^^.^ (5t'f'ONb:JoJ:t;^C(i#^(D7t:*co^^S (S 
1:%) T'fc^) ^SS/::L. ^bic. Mn. Si^siiU^Nbco^ 
TI5(1). (2)*5J:Uf(3)^$:«^ci-aj*{c/j^6 

i:i-^f±±EEli^JgL. : 400-720t:-e#^ 

g[ : 800-950'=CT'^il&^^TV^. ?S>:V^T'jt^^?aS/J-«b500 

IE 

Mn^fi (%) =Mn+0.1Si 

• (1) 

1.5<Mn^fl: (%) ^3.0 

40 • (2) 

-20Nb+3.1^Mn^fl: (%) S-20Nb+4.5 • - 

• • (3) 

(^tf'(7:)Mn. Si:ioJ:U^Nb(i€"><!'CD7C^t^^Wft (S 
1:%) r**?Sc. ) 

KS:%T\ 
C : 0.010-0.050% 
SI : 1.0%J!^T 
Mn : 1.0-3.0% 
50 P : 0.005-0. 1% 
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ft » 



3 

S : 0.01%i^T 
A I : 0.005-0.5% 
N : 0.01%i^T*3j:U« 
Nb : 0. 01-0.3% 

(Nb/93)/(C/12)=0.2'-0.7 (^^'(^Nb. C\t^^(Dyc 

m(D^^m (Kft%) ) 

: 8oo'-95ot:T'j^ii£^tTi\ »i\^^x*mm^mf)^hsoox: 

IB 

Mn^S (%) =Mn+0.1Si 

■ (1) 

l.S^Mn^S (%) ^3.0 

• (2) 

-20Nb + 3. ISMn^S (%) ^-20Nb+4.5 • • 

• • (3) 

&%) Xh^o ) 

±l5m^(cAPx.T. $ e>(-Mo : 0. 02mM%^±. Cr : 

0. 05ff»%J^±. Cu : 0,05mM%l^±^Xm\ : 0. 05K 
fl:%.l^±(0 h ^ n ^ 1 S ^ 2 «^_h 
T'0.5efi%J£AT^:ti-5 ^ ^ trri2(i)^t;i{^^;tr 

15 

Mn^fi: (%) =Mn+0. 181+3. 5MoH-1.3CrH-Cu+ 
Ni • • • ■ (4) 

(^tfi(7)Mn. Si, Mo. Cr. Cu4^J:t>'Nili#^<7:)7cS^O^ 

[If 9 1 

m^^y^K ±mmf^i^m^x. ^h{zi\ :o. ma 

(Ti/48) / { (S/32) + (N/14) } <2.0 (^^<Dl 

1. s. Nn^^<D7Lm<^^mm (K4%) ) 
um^ 1 0 1 

-r 6 i6 o ^ MS ^ ^ b i- 6 ^ <b ^ <t -r 5 f » 



(3) i|#P?| 2005-120472 

4 

[0 0 0 1 ] 

® (Ts) mmpa}^±(Dm^^^xfj^<:>mnmxh^ . m 
rm (rM>i.-3) ^m-r^m^&mm^^u^'tcomm 

^ ?fe ^ H ^ L J: 9 ^ i" 5 t <D -c s o 

[0 0 0 2] 

tbhtix\^^^c 

[0 0 0 3] 

<7>|fP$tlCctoTtt. I^Utt;55^3iLr, ^S^J:tfTtj« 

x<Di3\^{zM\^xmmt^'j^^mt\*^ot>nx\t,f^< . w± 

\c^^x>iL^WJ::^^<Dmmt^mztiX\^^iri\'t^\\ 

[0 0 04] 

<Dy<:^'^ji^mm^t\.X^\^^m (TS) 440MPaA^iJi(7:)g3i« 
[0 0 0 5] 

m-x.\z^^xm^^f\.^fzisi:>. ^m^mmmm^fz-:^ 

*!)S±T-<OsiJ|i^ LT, TS^440MPa. J: "9 L< flT 

s^5ooMPar\ \.t^hm,mj^wM^m^\^^mi^m^^ 
mm(om^i)-M^^xi^6V) ^ mia^^^m^m^mx-^^ 

(K ^ 1 . 2. $ P> fiip*^ r iil^ 1 . 3<^S3MffiiHffi;55^* ^ 
[0 0 0 6] 

b^mML. IFdnterstitial atom free) fb L/;:IP3^-< 
50 -:^tLX. mteiSi. Mn, P fj: t'(Dmm^itytm^m 



5 

mi-^^mf)-h^. c?ijx.t^4#rF:scSfei iwP^?n^n-ci>5 

[i^nxm 1 ] i|#P^Bg56-139654-^^« 
[0 0 0 7] 

m^::JCl^ 1 fi. C:0. 002-0. 015%. Nb:C%X3- 
C%x8+0.020%. Si :1.2%JeJLT. Mn : 0. 04-0. 8%. 
P: 0.03-0. 10%m^tr*-r§. (5I3S5S$ 
t^l^9o ) 35-45kgymm2^S (340-440MPa^^1^) CO 

^ w-r 6 fi)c?F^i4c7)fg;rt fc ?i ^ ^ft Mgiits I- m-t 

[0 0 0 8] 

S V ^ti $ e> (;i500MPaJ[^±^590MPaJeil± <b ^ o /ciSS^S 
+t<D^SEik^j: .if <dPp1M;6S^ < ^ r <i: t>;5^o r ^ 

$ 1/ ^ 5 ct 9 0. 01 o%^m ^ v ^ 5 i^i&j^ 
* T'i&ri^-r 6 (ii^ipg r-m ;^ ^ /.^ 

[0 0 0 9] 

-SDP (Dual -Phase) iP3;^;5iS*>5o DPffl^Kti. — ^fitlt-M 
^ (TSxEl) ^WL. -^LT^f:^it;05ig:VN<^VN9l#m> 

T'fc S C ii5 r fi^btc (111} Wi^^uM^U 
[0010] 

o 

[0 0 1 1 1 

700-800t (::;I3D^ Lfc^t . mAim L^n^j: o ^j^ii-m 

^^nri^^c i.t^\^fi:i)^h. :L(D:Hmx'\t,. mm.m.^ 
o ^fz. ^mmit. mf^mm\c)t-<x^iiimmm'^^m<D 



(4) 2005-120472 

6 

[0 0 12] 

-^-^"T-r^ h (v) (D2m^tL. 't</)'ik. mm^ 
moy/^mmmxi>fE:^mmmhti^h<7:^xh^o L/j^ 

mm<Dm%m,:^^^'^^mxh^ . ^(Dfzisb. mmw\(o^m<D 

[0 0 13] 

i^fz. m^y:m4iZ{t. C : 0.003-0.03%. Si : 0. 
2-1%. Mn: 0.3-1.5%. 11:0.02-0.2% (fcfcL. ( 

w^Ti) y (c+N) (DMi-mmit^oA'^o.B) ^m-t 
20 xfw^^Wi^m^mMz^^mmmMmtiif^mmwL(Dmm 

:>imt^m7r^^tiX^^ . ^{^tfy\z\-X^ Sft%-t\ 0.012 
%C -0, 32%Si -0. 53%Mn-0. 03% P -0. Ob^%^\<DU 

i$.<om^nimj±w^ a-y<D2 nmxh^BKfckzDm 
m=\. 61. ^z=Am?^(Dm^m.^m.^mmmmik'^m 

T-fo^^;0^?j^$nxv>^, Li^^L. 100X:/si:V^9 
L/cfflt^Ji^®^ll'l4c7)Pp^Mj&5^^^bi-Syhi?>. MitsS 

[0 0 14] 

m<DmiEit^m^:Ltxm.^m.mm<D.r\^^^m^^ 
(7)c^v^j^{j::4^<t x^x^Hi^^^^xmmcm^mti^m 

^-^TiSrffl^lUt). a-7C0 2te^^T';^JDf|fti- 

^^tX^<D'i&(Oll%m^§inX'^J\^y':y■^^ m^^^^-fr 

40 fziib^:^V(D±.^^m<Z.t. ^blcS^MtS^^tct^fUL 
?tVC*;i:. ?^P«iaEj^B#(7)^?Fmtn:^ig< i-5fci6. ^«E^J 
t^iP^^F^nri^^ct 5^cfiET^70%r'<7)^^P«^iE5Sti, D 

icOPpI^;^!^^^. 
[ m^XU. 5 ] i|^P^2002-226941 ^'AWl 
[0 0 15] 

^fz. mm^mmrifzm^mmwii6^xi^(Dmyt^ 
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95% tL. ^l^X^MtN(D^y^^-^^a^^^mf&-r 
i,<DXh^o cco:;^?feT'(i. ^i^m&m'ik. a$?^.^ril^ 

^'fi'j£^^mti.x^^ . ^ti. mmn^xi^. ^oi^i^b* 
mi!}^immi^±t\^^^mmm^w^'S^^mti.x^^ . x 

tz^mmi^^< ^ ^ w <i: tin L V \ 

[0016] 

[0 0 17] 

Mi^^hKi. $f>t::. yc^mm\.fz:^mi^m^^rLxi^^ 

[0018] 

[ s^M ^ ft?^-r ^ ^8^) ] 

[0 0 19] 

[0 0 2 0] 

^(D'^W:. C-g-^S^O. 010-0. 050Sffl% <t Nbft 
^0.03-0.3M4%t ^^{cMn. Si*5j: U'Nbco-^W 
m/fK Tied), (2)*>,tt>-(3)^^r^:t-r<J:9(ci-5C 

<tr% mmm:^^wmi[:L. m^'i^o:> rimz^j^ L\^^mm 
m^mm-mmL. mmmm^-mbct\.xmmL. 



(5) 2005-120472 
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te 

Mn^ft (%) =Mn+0. ISi 

• (1) 

1.5^Mn^g (%) ^3.0 

• (2) 

-20Nb4-3. l^Mn^i (%) ^-20Nb+4. 5 • • 

• • (3) 

«:%) T'^S) 
[ 0 0 2 1 1 

(I) S4%T% 
C : 0.010-0.050% 
Si : 1.0%J!^JIT 
Mn : 1.0~3.0%> 
P : 0. 005-0. 1 % 
S : 0.01%ieJ^T 
A I : 0.005-0.5% 
N : 0.01%JaT*5<tl/ 
SO Nb : 0. 03-0. 3% 

(Nb/93)X(C/12)=0. 2-0.7 

S%) T'fo^) ^S§fcL. ^btc. Mn. Si*3<tmibcD-^ 
*fi:;^i^ TIE(1)> (2):|b^J:U^(3)^>^r1S^c L. 

S^ir'bt-. ®S^T*50%i^±(7)y^ni7^ htB^. 

^r-l%i^_h£7)-e/b'r-Vi^'< h^e^'^^j'limil^^^L. 
iEitiiE^I;^r^coi->^^'^/6>225GPaJL^±. ¥^ r 

40 ^M.x^^ r ^mmt-r^-m^m.mmo 

Mn^ft (%) =Mn+0. ISi 

• (1) 

l.S^Mn^fl: (%) ^3.0 

- (2) 

-20Nb + 3. l^Mn^a (%) ^-20Nb + 4.5 • • 

• • (3) 

(^^c7)Mn. Z\^^mhYt^^(D7bm<D^mm. (If 

m%) xh^) 

50 [0 0 2 2] 
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(II) m^e.mm\t. mm/mm.&.m\^^\i>hmm\:i 

mi^J:i221)m. (200)®. (110)®*D<t(J^(310)ffico#X 

P{212)/ ( P (200) + P ( 1 1 0) + P (3 1 0) ) ^1.5 (^'t' 
C^)P(2 22 ). P(200). P(I10)ioctr>*P(310)(i. "^^M 

m 1 /Amw{tLm.\ ^•^^^hmm^Wi'jt^ aii) m . (200) © 

. (110)ffi:JoJ:Ut(310)®O#X^[Hl#fS5^3S^it) /.fS 
r^m^ytJ£i-5r. t ^#m^-r-5±f5 (I) {cfE®(OS 

[0 0 2 3] 

(III) ±iSm^{cJ[)Dx.T. ^ ^tciMo : 0.02Kft%Jt^ 
±. Cr : 0.05«fl:%Jl^JL±. Cu : 0,05n&%i^±^Xm 

I : 0.05S^%l^±c?)4^X>^P>3ltR$ixS im^ti\'X2m 

)^(c:>f-tx.T. TI5(4)^^^fc'rr ^^4#m^i-'5±f5 
(I) ^fcfl (I I) {ciaitOi^StSiRtSo 

IE 

Mn^S (%) =Mn + 0. ISi+S.SMo+I.SCr + CuH- 
Ni • • • • (4) 

(^^mn^ SL Mo. Cr, Cu*5 J:miif^#>«r (^Tc^o-g- 
*^ (Wft%) T-*jS) 
[0 0 2 41 

(IV) ±|2m^lc^DxT. ^btcTi :0.1®a:%Jl^T 

(Ti/48) / { (S/32) + (N/14) } S2.0 

(®ft%) "CfeS) ^fflJSi-5w^^#»^i--5±IE ( 
I) . (II) *fcfl (III) tc|S«t<7)ii53iSiH«o 
[0 0 2 5] 

(V) ^®fcfeo#®^^i-S- i:^#8S[ti--5Jiia ( 

I) - (IV) <o\^^'rtit)^imi^^m<DM^ts,mm^o 

[0 0 2 6 ] 

(V I ) mA%x\ 

C : 0.010-0.050% 
Si : 1.0%J^T 
Mn : 1.0-3.0% 
P : 0.005-0.1% 
S : 0.01%J[^T 
A I : 0.005-0.5% 
N : 0,0^%^T^^Xf 
Nb : 0. 03-0. 3% 

(Nb/93)/(C/12)=0.2-0.7 

cop^^.^ (^4'<ONb*3<tt;5CH^>!rco5cm<7)^^ffl: (K 
ft%) T'^5) ?rfi/:iL. ^^(c, Mn. Si:fb^ct t/Nbco^ 
mm^K TIS(I). (2)*3j;t/(3)st^y?l/c-rffl;*lc/^^ 

^i-6tt±EEM^*SL. : 400-720t:r'^®ii9 



(6) 2005-120472 

g : 800-950rT'^ii6^tTV\ ^r'i|EfitlrUS/;^P>500 

IE 

Mn^fl: (%) =Mn+0. ISi 

• (1) 

1.5^Mn^fi (%) ^3.0 

• (2) 

10 -20Nb + 3. I^Mn^fi (%) ^-20Nb+4.5 • • 

• • (3) 

&%) TfcSo ) 
[0 0 2 7] 

(VII) wm%x\ 

C : 0.010-0.050% 
Si : 1.0%^^AT 
Mn : 1.0-3.0% 
P : 0. 005-0. 1 % 
20 S : 0.01%aT 
A I : 0.005-0.5% 
N : 0.01%J£JlT*5J:t/ 
Nb : 0.01-0.3% 

(Nb/93)/(C/12)=0.2-0.7 (^ff(75Nb. C\t.^M<05t 
^O^Wfl: (Kft%) ) 

?^j:SM#.^^^L. Mn. Si*3j:t)q«b<7>^=tl:36s 

. TIEd). (2)^b^J:0^(3)^^ri:t-rM^£tc:/^5li;^^ 
'f^m^^mx.X^ ^^^^m^^1^% iira^XTX^^^. 

: 8oo-95ot:T'j^i£^^tv^. nk^^xmm^^^^^hsoox: 

IS 

Mn^a (%) =Mn + 0. ISi 

• (1) 

1.5<Mn^fl: (%) ^3.0 

40 • (2) 

-20Nb+3. I^Mn^S (%) ^-20NbH-4.5 • • 

• • (3) 

(^q^OMn. Sl^^mbn^^ o:>ytmo:>^^m (K 
4%) Tfc5o ) 
[0 0 2 8] 

(VIII) ±t^mm^i)uk.x. ^ b(cMo : o.o2Ma% 

Cr : 0.05afi%JeJl±. Cu : 0. 05Kft%J^±i3 J: tJ« 
Ni : 0.05Kffi%Jl^±O^f l^^/c(i2M 
^^_h^'^i+T'0.5Sl:%i^T^Wi-5<t <t ^{c. mJlEd 
5(? )^(C'ftx.T. TIS(4)5*:^ffiyci-;i^^#m<i:-r5±iE 
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(VI) nfcn (VII) {cum(om^&m^<omm:^ 

15 

Mn^ffl: (%) =Mn+0. 1Si+3.5Mo+1.3Cr-t-Cu+ 
Ni • • • • (4) 

(^+<;)Mn. Si, Mo. Cr. Cu^xm\^t^^ (OycmcD^ 

mm (®s%) T^s) 

[0 0 2 9] 

(I X) My^^y^K ±t^mm^mx.X. $e>(cTi :0 
(Ti/48) / { (S/32) + (N/14) } <2.0 {^^(DJ 

fj:^mm^m^ir^zt^w&ct'r^±m (vn . ( 
VII) ^fcji (VIII) i,:i^mo:>m^mmm(omm 

10 0 3 0] 

(X) ±t^i^mm^mjim(Dm<Dmmmm{ztb^^m^ 
?F$j*-r ^ i6 o t ^^xg^ $ b w-r 6 c ^ <sr#m ^ i- 

^±fS (VI) - (I X) (DV^-fn;i)^iJ5(-IE«g<7)iSg^ 

[0 0 3 1 ] 

r (D^PJfi. C^WS;6S0. 010-0. 050S*%(7)ffiffl(c 

-t--5 ^ ^ -C. TS440MPai^JL_L. J: «9 »^ L < f:iTS500MPaiy. 
[0 0 3 2] 

it-r^ztfj:t'r-mWJ:^^kt^ixX^fZo -;^> mia! 

{g;:>^o/co L75>L/c^;05ib. ^^mxa. miBXh^y^ 

J: «9liCfl:;!i5^^^^V^9> 0. OlO'-0. 050Wa:%«OC'&^ 

a:<bL. m^x. z<Dc^m&\c^t:>^xmmj:mmm 



(7) i|#F^ 2 0 0 5 - 1 2 0 4 7 2 

12 

[0 0 3 3] 

^\z^\i^xmt.%\^mtm^jSLm^m\.x\i^^o 

[0 0 3 4] 
[0 0 3 5] 

::rr% Wh^^mtc^^mtK (Nb/93)/(c/i2) = 
a2-0.7<^yKfc-rJ:9{c^S-r5r ®:;tXNbC<b 

[0 0 3 6] 

C CO J: ^ C co#ffi;i)S nil) Wi^^Bmmm.<0^ 

20 m^um-r^t^fix^tLfi^. :^^mx\±. ±c^mm. 

i^:^^?:^ 755#SE L?^.C;6S ^ r So 
[0 0 3 7] 

r Ji^;6^T'(l7^^ V , m^C o#*E(c J: ^ [1 1 

i)s^^Bm^miit?FMtc^i-5:^(7)^ia<t t) 
m^<D'^mi\L\zn\K,. h y ^y^^^^^'icm^B/.^Nbc^w 

lEmm (0. 010-0. 050Rfl:%) \^^\^^X^J]^)X^(D^^ 

n.m\.fz.:Ltt^i^^m<r>immMomm:tf^^x\^ho 

[0 0 3 8] 

z.f\.hHbct\.xm'^^tit^f)--^tzC(D^mc^'o . m 

[0 0 3 9] 

mit:yt-:^'r'r^ hmx<^E.mm(Dnu^B^mm^'^. 
^nf^&itm^mm^^^o ^(Dii^mxy^^y^h^m 

50 WM-tho ^btc, \hnom^m\c^^^m,^.t^^'Y't^o:> 
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(8) 

13 

[0 0 4 0] 

:i(Dmmommijm{cxriit. umrm:^^^. mm 
^5^m(nmmh^^xh^ =1;^ vmci^^mx^^, ^ 

[0 0 4 11 

{z-D\.^xm.m-r^o 20 

[0 0 4 2] 
C : 0.010—0.050% 

<Dmf&.^\^m'ir^(ox\ :^^mx\t.m.'^m.mM^o:>m.M. 

.015%i^±. J: J9*f^ L< (i0.020%J^J:^-r5o 

. 0. 050%^^;t ^ C r ^n^'cC < 

tji^:Ltt^h^ C-g-Wl:CO±PS^0.050%^ L. $?^L< i(? 

fio.030%j[^Ti:-r^c, S^S^k-rskJi. 

[0 0 4 3] 
Si : 1.0%U^T 

(t:)?;!]^;^-'^^?)^. Si ^1. oro^^xLT^W'T'S ^ . flf^f^l 
v'l- ^ ^ ^ -5 ^ 

Wa:Ji1.0%J[^T<^i-^d>:^^/j^^*9 . L< (^0.7%J^ 

0.01%,v-rs::<b;&5ii?*L<. J:'9»^L<(i0 
.05%,hi-6o 
[0 0 4 4] 
Mn : 1.0-3.0% 



2005-120472 
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. Mn(il.0%i^Jl_b'&^-r6'J^^^755fe»9. J?^L<(11.2% 
l^±i:-r'5o 3.0%^g;t5igjKfOMn^^Wr5 

Tm.^^Um^^%:'^it^'^h(OX\ Mn^Wa 
co±PS(i3. 0%i:-^§o 
[0 0 4 5] 

rnxmrntfji^o tj:^:i:^X\hn'^mt.. Mn. Si(D^Wg 
Mn^fl:=Mn+0.1Si • • • (1) (^^coMn*5 JiU^S 

ut.^^<Dytm<o'^^m («!:%) ) \zi:^%m^tih 

, Mri^^i,zn. Mn^fl: (%) 1.5-3.0<tL. ;5^o. 
-20Nb+3. 1-^ — 20Hb+4.5ti-^Ztr^ii^^mxh^o N 
b^Wl:^Mn^l[:d5/>7:ei>^. r LV>!Rt^«<o 

Nb^^4^Mn^4;i»>^u>^. mmm-mmtL. ^?imj£ 

m(D^^t/j:^(DX»^l.<fjt\^\ 

[0 0 4 6] 

*B^f^«9tc< < /^>50T'»^ U< Mn^l:;eiS3.0% 
^j@;t5^. +55'?^^rfii'^■¥>^^/^co^it:^s^#f>^L-r. fig 

?f^'tt;55S< ^c^^o Mn^4;5^-20Nb + 3. 1%7l^«ff 

m 225MPa a Ji 'r^:itr>X^fj:\.\ Mn ^ » /ii^ - 20N 

b+4.5%^m^^t. rm^m^i.\^^Mmm^mf&x 

[0 0 4 7] 

P : 0.005-0.1% 

Pit. mmtSiit(o$i)^^^^^7€mx^^o l^^^l^j:^*^ 

$?*L<fi0.01%J[U±^W$-fr5o 0.1%^j@x 

[0 0 4 8] 

S:0.01%i[^T 

xi!\^&^t Lx^iELmm(Dmm±^^it^^^(DX\ 
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[0 0 4 9] 

A I : 0.005-0.5% 

T^^r u T V ^ 6 N ^ L r (iB^m^l* ^ Ji ^ 

t^^^^ ifm ^ -It 6 it i6 tc A I ^ WSJ jcO. 005% 

}^^±.t'r^^^^mfi^^^o a5%^j@;i^Ai(o^w 

[0 0 5 0] 

N:0. 01%J[^T 

^a:c7)AI^Ti^^;?lD;i5i£iv^-t/.^6w^;0-^, 
N-g-WlrrDiPS^G. 01% t "T So 
[0 0 5 1 ] 

Nb : 0.03-0.3%. (Nb/93) / (C/12) =0.2-0 

.7 

5fetr 3oc7)^fiJ^^i-^, Nbcomi(7:^©f')*:i. m^M^- 

mhct\^xm^m(ommct:m'&'rh:itx^^. ti 
fzL. m^<ox 0 \zmx^xmM^^'^'r^sfM\%fi^\i^ 

%) ^C^*» (Sa:%) -k. (Nb/93) / (c/12) = 
0.2-0.7c7)^^.^^^^^-a:;5^.^;^^^^, Z^:}^^ 
r-^'f'iOTC^IE-^ (Nb. C) Ji. ^^c^^Tti^co-^Wa ( 
S^%) ^^LTV>5o :*^c. (Nb/93) / (C/12) \t 
. Nbi:C<7)i^.^^«ISlt^^Lrv>-5o 
[0 0 5 2] 

(Nb/93) / (C/12) m.i^mx\t^ @^CC0#aE 

^^■kmM^^^t\^f^^..%fz.. (Nb/93) / (c/12) 

M^'^ci^ffli^tc^SE^-itSw^^j^if 6(7)r% m.m'^ 

/^i/^ Lfz;6>oT. Nb^Wfi:^0.03-0.3%^ 
(cNb^Wfit C-g-Wfi^s (Nb/93) / (C/12) =0. 
2-0. 7^«^i-6®iai: Lite. <t'9»*L<J* (Nb/93 
) / (C/12) =0.3-0.5<!:i-S. 
[0 0 5 3] 



(9) 2005-120472 

LI/ ^llS^B;^f$:<^ ^;^m-r?S:fij <^ ^ o T I > 5o 

[0 0 5 4] 

Nb(7)||3 0^S:f«)ll. f^p5)'J+4--co^^T'^^o NbC(7)ff 

X\%fii\^t^. NbC(7)t^tH?^{l:^. Wttii|^c73Jl!a(7)M^;5S 
IQ [0 0 5 5] 

iMmmm-^ %^fz,^. Nb-g- wfi(io. 03% 1^ ± ^ i- 

Si^v^j65*?So Nb^Wg;i^0. 03%*yS-C(i. R'Jil^f^*!? 

^i^i^^ir-r S;^)^ 0.3%^^x.Si§SiJc7PNb^*ti. ctt 
^iSJfSr ^(c/^5<7)T\ Nb'g'*fi:<^±|lB<lr0.3%^-r 

[0 0 5 6] 

i^±^^:^^m<DM^t^mm^<om^m^xh6o 

(CT^-f-Mo, Cr. Cu*Dj:t;^Nico4'J?>^^il^^ti^ I5@^yh 
[0 0 5 7] 

Mo : 0. 02Sft%i^±. Cr : 0. 05SS%i^±> Cu : 0. OSS 
30 m%^±:fS^m\ : 0. 05®ft%£il±(7)cf^:^^^5iiR$ tt6 

1 ^^fcfl 2 MJ^±^^ti-TO. 5«a:%JL^T 
Mo, Cr. Cu*5«J:t>'Nifl, Mn<>:[^1t. ^/t-^Vi^^ h1=S 

^m^^/^\^±\c^J)^t)*^h^o Mo. Cr. Cu4^^t/Nift. 
m^Pi^^^'^m^^W^t LTMo : a02%*S§. Cr : 0. 0 

s%mm. ou : o.Qs%mm^xm\ : o. 05%^^(oieffl 

o*i0.02%a±. Cr : 0. 05%JLU±. Cu : 0.05%1^±^^J: 

40 m\ : o.os%^±(D^i)^hmiR^in^ ia*fcii2mi^ 

T'O. 5Kffl:%^T^W^ii:5 r t itm-^ 
[0 0 5 8] 

7cm<?)^lfT'0.5%^Sx.SiS»J/.^asJ[jPfi. ^(ommt^ 

ffi< ^<ir7ji^e>. Mo. Cr. Cu*5ctZ>*Nico i ffi^^cti 2 fii^ 
±.(r>5tm<0^%)r^^^<r>±Mm. 5% -r 5 r ^ ^ 
LV^o ^cf:fo\ Mo. Cr. Cu:^o J:t/Ni cO^Wft<7)TPSfIfi. 
J:'9^il{cfi. -^^^'^0.05%. 0.1%. ai%joJ:tJ^O 
J(? .l%i:U. Mo. Cr. Cu4o J: U^Ni (D^-^^tft^OiPSftJiV^ 
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10 0 5 9] 

jUD^r. Mo. cr. w\i^wiitimu^m\^\.fzm^\z 

li. ±EMn^Sfi. ±f5(1)^lc{t;tr. Mn^S (%) 
=Mn + 0. 1Si+3. 5Mo+1.3Cr + Cu + Ni • • -(4) {^^(D 
Mn. Si, Mo. Cr, Zxx^^mW-t^^ <D7tm<0^^m 
4%) ) (cJ:»9Sili-r 5o 
[0 0 6 0 1 

Ti:0.1%J[^T. ;0^og34^(OTj <i: S ^NcD^*fl:;ei^ (Ti 
/48) / { (S/32) + (N/14) } ^2.0 !0 

[0 0 6 1] 20 

©^*9ig:T^%lSi-6^. (Ti/48) /{ (S/32) + 

(N/14) ]^>zo^m^^i\mmmx'\^. s, N^ia^ 

^'&-rSS:|oJ:U^N(7)-g'Wl:^c7)l5^.T% (Ti/48) / 
{ (S/32) + (N/U) ]^2.0^m^'ir^ztmjt. 

[0 0 6 2] 

t;i^4o J: t;«^^jg6<j^i^i^(om^ t i" 6 d <t ^s^T ^ L v ^ 

0.02%7j^S§. Cr : O.OB%^m. Cu : 0. 05%7l^?t*5<t t>'N 
i : 0. 05%^?^(;)M, Ti : a005%*«^;eiS^(f <b^x5o 
[0 0 6 3] 

ii«coiPim^tQSl^T'fetL*i\ B. Ca. REM^ 

mm:^m^ir^tzi^. 0. 003%i^T i -T 6 r ^ L 
[0 0 6 4] 
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/5 

[0 0 6 5] 

LTIi. Sb : 0.01%Jt^T, Sn:0. 1%J^T. Zn:0.01% 
^T. Co : 0. l%)^T(^$Eia'Cfc6o 
[0 0 6 6] 

[0 0 6 7] 

(I) ®S'^r'5o%iiiLJio:7 3i7>r hffii:, mmmx^% 

giS^440MPa(O|PiSi:-rsyc«>{c. ®«^T*50%J!^AJi(^ 
ii^iirsr <b(cJ:oT. ^i^rft^1.3^it^-r5::<h 

[0 0 6 8] 

^\^-<>( y ^ y ^ hte^^tfo 
[0 0 6 9] 

-^yu-rv-t^-l' ht@;6S#ffi-r-6 r 

[0 0 7 0] 

h (v) WSil£^-^hfz.1kmLh\.XhX.\,\ 
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[0 0 7 1 ] 

(II) mmm.n:>j\^<n^>'^mi>mbQP^^M,x*:hh^t 
:^mmx*\-t. Nb^WS^0.03-0.3%<t L. ^^icMn 

^ft^l.5-'3.0T'7!i^o-20Nb + 3. 1^ 20Nb4-4. 5(CiiiE 

it'thZ.tkZ^^^ •\-:/^^225GPal^±i^iSiST'#f::o 

0^>>/^^^iJ3ei-So ^>'i5^^<Sr225GPaJ^Ji^i-6:i 
[0 0 7 2] 

(III) w^mrmf)^^^m±x^^z.t 

[0 0 7 3] 

:irT% ri}^i?5rffij JIS Z 2254^5^ 

¥*^rffl= (ro+2r45+r9o) /4 

;^c^:tb\ ro. r45:JoJ:T/r90{i. i^i^K-^«®fOJEjii 

:^r^tc*fL. -^tb-=etbO" . 45" ii6^m(f (jem 

[0 0 7 4] 

(222)Di. (200)®. (nO)®:|oi:t>*(310)SO:&^:9'5^g 

J±;P(222)s P<200), PdlO)^ P(3IO);55^ P(222)/ 

{P(2oo) + P(uo) + P(3io)} ^^.5^m^i~^z t-f)*^ 

^?^L<. J: f^i?* L< fiP(222)/^ {P(2oo) + P(n 

0) + P(3io) } ^zot-r^o 

[0 0 7 5] 

rmtm^^tfK (110)®-^ {100} m\^Wiffj:M^m^X' 

^mmmmi^^iisi-f hrmtm^m^<Dmm{^'^^'xm. 

(310) ffiti'>/^i>/i:;!>sp?t)[100). {110]®P<t. rffl 

/£T^;^^f^v^- <b-^. tuizI!Lfcm«^c^NbCcotffm. 
r>*NbC^ LT^ffiii@^^^x?:^v^CcD#tt?:^<ir';ii^ {310 

} mi&mz.m^i^x\f^:bt^x.hth^. 



(11) i|#K2 005-120472 

20 

[0 0 7 6] 

<:m>'.:^\^f)^i^\.^Xi^^zt^moo m^^:irsxrj 

[llllDiolEl^i: trii. (111) ffi-CMiSCP^T. 
(222)®^^:: -5 al. X. 11(11 tfr^5^5tSlt<l: LT(i(222 

)m<om (P(222)) iSrffli^ysio (222) sti. f«is^®s 

m.:^\^\zn [222] ;^r^;5^r^v^Tv^^coT^ IIS< ;111 

JO \^-ztn. im]m^mmmmi.x\,^h:i t\:inj&'r, 
5o [m}m\^^Lx hmm<Dmmt^h. (200) ©(^^ffi 

(P(200)) ^fflV^/Co 

[0 0 7 7] 

=^-5>»M<ov^-fttr•t.<t<> .xSj?^tii|#^4x^r-'be 

(110);6^^ (420) ^T'(7) 7 ®;?i^blO® C t 

[0 0 7 8] 

# ^ 6 V > Ji^a^rp' i6 o # CO*® ^ L T ft'!) o 
T'fe6o Zr-C. rj^o^j ^fi. Mffil&Oflb.. 

30 tcMl^^^isb^^fj:^. ^iit^m^^m^m^tiX\^^^i^ 
[0 0 7 9] 

x^mi-^o 

\^fzmm(Dmf&tmmx^^(DX\ m^yy<Dm^mm 

[0 0 8 0] 

40 ^m^y-i/^mukx.. nmu^^mmmm^mLmmm 

[0 0 8 1] 

^mmxit. ^"f, m^^y^mmj^mi:ixi±±mm 
: 4oo--72orT'#^*). mmmt^^ mr^mmT^m) 

50 [0 0 8 2] 
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corn. IIS;bPi?ii-6t;^3J5^i(c;^n;t. ?^ai-tt-f?a)tco^^ 

[0 0 8 3] 

\-f^hyy'/i-¥i±(o^mm^mi^i-^(DX\ y^^ymm 

[0 0 8 4] 
[0 0 8 5] 

ftiimj^tiiOTas (FT) mmzuALt-r^o 

^mm'^mmi.^j:\^^fzi,fxti:<. mmm^^<Df£mik^ 
7bm<^^^o mox. i±±mmti^mum (fd soo 

[0 0 8 6] 

^fz. mmf^mm(DfEm^m^iJkm'r^rztb. i±±BE 

mo:>-n-^fzit±^<Dy<y.rn^xmmE:mt i^xt 

[0 0 8 7] 
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^^ji-mWii^m (CT) (i. 400~720t:<D|5S<i:-r5o 

. CT;ei^400t:*r^ic/^6<t . NbC o^tij^i^e w *9 < < 

CT) fi. »*L<{i550-680t:^i-5o 
(0 0 8 8 1 

man t ^m^^m^ zt\cx^ Mj^x^ 5o 

[0 0 8 9] 

mmm<om.m^^w^i^f^^Bnmx s ^ m!^y.Txh^zt 
^^3:t\ Tm^mi^^^m^^h^:zt^^^^htix\^^^o 

20 mi (a) . (b) ^XV^m2 (a) , (b) 

^-yi'm^^'^tzmmmm<o^^mum^Mx^^o 
-r^ ^—Mmt.3%mmr/v^'-j\.^m (3%hno3-c 

2H5OH) XhK>. lO-lSsi^^Lyho 
[0 0 9 0] 

^rT% m\ (a) Jl. O.OZZ%CXW\immiBXh^ 
fcffl;K<0¥^rffl : 0.9. HI 1 (b) 0.035%C-0 

.oi5%Nb( m/^z) / (c/12) 1=0.06) x^^ . m 

«t^5[£j^r1it : 1.0. 112 (a) fi, 0. 035% C -0.083% 
Nb { (Nb/93) / (C/12) } =0.31} T*fe»). 

¥^ r ffi : 1 . 3. lii 2 ( b ) 0. 035% C -0. 072%Nb 
{ (NbX93) / (C/12) } =0.27) W&^(r> 

i^rfa ; 1.5r*fei9. 1112 (a) *3<tl/ (b) 

[0 0 9 1 ] 

m\ (a) fl. ;?^53^6^(c:2^^p^ipi>^i5^n6NbM^;^iDi|3i 

ritttiisv^ mi (b) fi. mm^ViKz^^mmmm.t'^ 
mm\L^^x\^-^^\^(D(D^ (Nb/93) y (c/12) com. 

. di7!>S(&i/^ iil2 (a) *5J:0? (b) ti, (Mb/93) 

/ (C/12) (nm-i^mn<nmm\z.^'o ^ mmm.m'^ 

[0 0 9 2] 

Nbf^;?iD(cJ:«9. ^^ft^i: UT(:i^>i' i^^- 
^Vfi^l;! J; 0 ii^ii «9 ^< (1) <!ri:t(c, 
50 U'k.-hm'^^^^ (2) 9fc/^-5, 
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(2) ^^mt\.x'^^B%m^m\'^\^t^o 

[0 0 9 3] 

o ±I^ASA;5SSV^|| (2) ^EBSP (Electron Back Scatt 
er Diffraction Pattern) <i?«f t/c<b r ^, Z<Dm^^^ 

[0 0 9 4] 
[0 0 9 5] 

msej^SHftL. JIS G 0552^V^llASTM^cipcyh^^fe(c 
i^). (ASTM) ^^^^^ldn = 1. 13x 1 ^LT^i^^B^B^^ 

[0 0 9 6] 

Sf^L. JISG0552{c2ii:fc^iTfe(cJ: i9^^ti^/io t-?^^t> 
•ib. «f^Lfc«ma«^¥K^fflVN, J!SG0552(^v:ii:rJE 
<t ^ ;h.«cSii[;^f^ (CM L T ^ tt^'tL-- ^ 

X^.\^fz,m.^^^^k\.(JO^^<r:>mYK^^t\.xi^}h. w 

K-:^^ 1 (/im) i Lfco 
[0 0 9 7] 

^h{z:$:mmmn. mmm^m^^y^^x. mctLx 
mmm$km:i^\^^x. wbc^ Lrwaia^^n^cft 
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bm^m{zmi^)^ztt>x^^tzi^. mmm^mc:^\^^ 
xHbc t Lxm^\s^^ti^cmf)m^(D±cmiz^iib 

Oo ) nk^izxnta^^^x^mxh^o 

[C] fix=100xl2x ( [Nb*] /93) /[C]totai 
[Nb*] = [Nb] - (93 [N] /14) , [Nb*] >0 

mj^-thcDx 

[Nb*] = [Nb] - (93 [N*] /14) 

[N*] = [N] - (14 [Ti*] /48) . [N*] >0 
[Ti*] = [Ti] - (48 [S] /ZD . [Ti*] >0 
[C] f ixt^^tH@^$tL6C»coS']-^ (%) . 

[citotaifi. m^(o±c^^mi (ws%) > 

[Nb] . [N] . [Ti] . [S] ^n^'^^mb. 

wtUN. ^aiTi. mihsm xh^o 

20 [0 0 9 8] 

«?rBiEEj^*5 J: xj^w'^^Bm<D^mxmm c ^{g^-r s r 
WL^m\z^\^^xnbct i.xm\^m'&^t\^^cmi)m^o:> 

^CS:tc£i6SStj^r*15%Uil±. J: t>»*L<li20%iy. 
[0 0 9 9] 

r^imMxa) o zzxmmmm\'tif^m]^mm\z:;^^-^x^ 

^(Dm^{zxn^j:^\'ix\^\ 'i^mmmmwit. wxm<D^ 
mm(Oi^mmt'r^ztf)^x^tii-£x<. m^m"^^ 

r imt[a±^}^^mEETmr--mzm^xh ^ . /et-^ 
movo^mxi-x. l^u]w^^^Bm^mmmm^'r. m 

xit^/^mjETm^9o%^x(DmmxM<'r^i^t' r m^^ 

[0 10 0] 

Kk\^'^xm,m^m^ hmx:i^x<D\^mm:i 

tgffilltXfM) o 
[0101] 

±t^m.mx. :^^mx*j^^mt'r^ninm&^i%%'t^ 

50 r>^'7^> (CGL) T'tT?:^ 5iSl^i^ii£<t-r6C<b;ei5S? 
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ti^a800*CJ^:l±i:-r5r tT% a-y2^f$L. irfj: 
[0 10 2] 

Tco#rfiiigJi. :^^0>^iPit5co*J'^. i^C/s^^T'fc^ 

[0 10 3] 
[0 10 4] 

:t i6 fiet 5 "C/s ± ^ i- 6 ^ Tn^ S ^ n 6 o 500 

'^^iSfSS ^ T' $r ^i^^iPiiS 5 'C/s J!^± 
[0 10 5] 

[0 10 6] 



(14) #^2005-120472 
[0 10 7] 

\^^\^m^xmm^^ibo^m{zmmLx. mmi^mm 

m(D'if^m:i^\^m\^'xmmm'^!5b^^m{:immLx. m 

^n\^\ ^^imm^iQi6-D^mm^mmLxhx\^\ 
:^(om'^s 't^immvtz'i^<D^m^z:}o\^^x. aoot:* 

[0 10 8] 

[0 10 9] 

[Olio] 

^ ^^ r V N 6 ^ ^ i6 o # S i: i" s w i: ^5 ^ ^ Ife 5 o 

[0111] 

^ (Oli^ (D g 6^ T'llSJi^ * /c ^'-< ^ -:^D X ^ L T 
0. 2'-15%£0®ISF^T**3 6 ^ tm-^ LV^ 0. 2%?^g§T' 

I^ftWi] 

[0 1 12] 

50 m^mirmmmmTM\z.^^m}gmt\^fzo ^h.h(Dm 
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«::> (cal) (ct. ^2lc^-r^{4T' 

it>o#7><> (CGL) (CT. «2tC7j^i-^{*T'iiggiE 
V7'<:^T'^»»S&'i6o# (i^;>o#?^ra : 480T:) ^ 
[0 113] 

[0 1 14] 

[C] fjx=100x12x ( [Nb*] ^93) /[C]totai 

[Nb*] = [Nb] - (93 [N] /14) . [Nb*] >0 

[Nb*] = [Nb] ~ (93 [N*] /14) 

[N*] = [N] - (14 [Tl*] /48) . [N*] >0 
[Ti*] = [Tl] - (48 [S] . [Ti*] >0 

[c] f\xi^mmm^^tt^cM(om^ (%) . 

[Nb] . [N] . [Ti] . [s] n^n^'n^a^m. m 

aiN. WmTi. tffaiSfl: (SS%) T-fo^o 
[0 115] 

m) ^^^m^rnxm^L. Jis g obsi^cmctzm^m 

(ASTM) ^»*i^dn=1. 13x i tl^rm^LfCo 

w^f^&u^t^^j^i.xm^Lfzmizium't^zt^E 



(15) Wm2 0 05-120472 

mmr/x^^^-ji^mm (3%hno3-C2H5 0H) ^m\^\ lo- 

[0 116] 

(i \\)?^mmmKoyi^mm 

mmmm (Lmm) ^cov^T. 
Tiooo-3ooof«r-a!iag^^««L. no^mm^mm-r 

10 [0 117] 

#^n/c^/$r5i:^i£ffi^^bm^;^f^lc^LT90" :^\^ 
{C^\^) |:1JIS5-^5I?S^^K-^15FCSIL. JIS Z 2241 

(om^\zmU\^X^ xJ7s--^y KitaiOinm/minT*5l5Ii*S^ 

^tTV\ (YS) . (TS) ( 

El) ^^i6/co 
[0 118] 

(v) r ffi<7)^ij^ 

20 r^tc^L45° ;^r^ (D;^fSi) . ;E3i;^f6](;i^L90" 
(c;^r^) 7&^?>JlS5-§-§l?S^^>t^gg^LfCo 

2254(7)S^tCiimLT2Iit^rM (^i^SH^^it) ^» 
tBL. rtb^ r ffi^ Lite 
[0 119] 

(vi)ir:^i/^<7)aij^ 

(Ec) fl. JEMa:^;^f^ (^^Ji::^f^) 
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